Objectives: Our aim was to investigate the morphologic and morphometric features of brachial plexus in rat and to evaluate the findings with that of the human in classical textbooks comparatively.
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Anatomy 2009; 3 rats, however fibers from Th2 may contribute to the brachial plexus in humans but not in rats. 1, 2, 5, 6 Understanding and grasping the anatomy and variations of the brachial plexus lessens the rate of injury to the nerves during surgical interventions of the neck, shoulder and axillary region. The brachial plexus may frequently be under risk during the excision of neck tumors and primary tumors of the brachial plexus. 5, 7, 8 New surgical methods, approaches and techniques may be conducted in rats experimentally so that the success rate of this kind of operations can be increased. Therefore, morphologic and morphometric features of the brachial plexus in rat should be known in detail. 3, 5, 9, 10 It is reported that the brachial plexus and its terminal branches provide a good experimental model which can be used to assess the development and normal control of muscle function, examine the mechanisms underlying functional recovery, and test the effects of treatments to enhance recovery. 3, 10 The anatomic location and structure of brachial plexus should be grasped by the surgeons dealing with its surgery due to its complex structure, relation to the neighboring structures and anatomic features of the region it is located as well as taking into consideration that the brachial plexus may exhibit frequent variations. 5, 7, 11, 12 At the beginning of the development, while myotom elongations taking place, they take the nerve fibers together with them originating from the same segment. Peripheral nerve fibers supplying various muscles from the same segment form nerve plexuses by converging and diverging in accordance with segmentation. 5, 7, 13, 14 The application of plexus brachialis anaesthesia is a well-known method for many surgical and orthopaedic interventions of shoulder and arm region.
To achieve successful results in these applications, however, the anatomy of the region should be grasped extensively. Otherwise, some cumbersome complications such as pneumothorax, injury to the recurrent laryngeal and phrenic nerves, and bleeding may occur. [5] [6] [7] 14 Our study is unique compared to the previous studies on rats investigating the formation, variations, morphologic features and relations of those features with the upper extremity, and also making contribution to the accumulation of information on this area. Thus lack of sufficient information on this topic led us to conduct this study. Our aim was to investigate the morphologic features of brachial plexus in rat and evaluate the findings with that of the human in classical textbooks comparatively.
Materials and Methods
This study was carried out on 100 brachial plexuses of 50 adult wistar albino rats each weighing 240-280 gram (25 males, 25 females). Those rats were not sacrificed specifically for this study. On the contrary, the rats utilized and sacrificed during other studies in our experimental animal research laboratory which were accepted suitable and assigned by the Ethics Committee for Experimental Animal Researches of our institution were used in this anatomical study.
The overlying tissues were incised for the evaluation of brachial plexus in the axillary region. After then brachial plexus was prepared with the microdissection technique and evaluated in terms of its formation.
The dissections and measurements were performed under a microsurgical microscope (SHIN-NIPPON, OP-2 U/N S824AO15) with a magnification of 5XScope (1.6 ve 2.5) and the photographs were taken with Canon EOS 500 camera.
We made the measurements related to the brachial plexus and extremities; upper (anterior) extremity length (UEL-between the shoulder process and the longest distal phalanx), axillary width (AW-the widest measurement in the axilla), plexus brachialis length (PBL-the distance from the point where the nerves merge into the truncus to the point where they separated to their peripheral branches), plexus brachialis origin width (PBOW-the distance at the origination of the plexus), plexus brachialis axillary width (PBAW-the distance at the midportion of the plexus in the axilla), cervical spinal nerve width (C5-8W), the first thoracic spinal nerve width (Th1W), cervical spinal nerve length (C5-8L-the length until merging to the plexus), the first thoracic spinal nerve length (Th1L), truncus superior, medius, 
Results
We found that the brachial plexus of rat was formed by C5, C6, C7, C8 and Th1 spinal nerves. In most rats, fibers from C4 might connect with C5 (66%). However, any contribution from Th2 to Th1 was not detected.
While C7 and C8 combined and formed truncus medius (TM) in some cases (27%), a common trunk (truncus inferio-medialis) was formed in some others by the combination of C7, C8 and Th1 (7%) (Figures 1-3 ).
Approximately similar rates were found in right and left extremities of both male and female rats. The average values and standard deviations of our measurements were given in Table 1 .
The formation of brachial plexus at root level varied from each other in rats. On the other hand, some roots were thick while some of them were thin in shape.
Of the spinal nerves contributed to the brachial plexus (C5-8, Th1), average width was between 0.7-1.1 mm, average length until merging to the plexus was between 2.2-4.06 mm, average width of the plexus was 7.8 mm, and average length of the plexus was 9.5 mm ( Table 1) 
Plexus brachialis in rat
On the other hand, significant correlation (p<0.05) was found between the axillary width, the width of spinal nerve roots and the length of Th1 ( Table 2) .
Furthermore, there was also significant correlation between the axillary width of the brachial plexus, with the width of the brachial plexus at its origin (p<0.05) and the width of spinal nerve roots (p<0.01) ( Table 2 ).
Significant correlation was found between the width of C6, with the length (p<0.05) and the width (p<0.01) of spinal nerves ( Table 2 ).
The length of each cervical spinal nerve till merging to the plexus was examined and significant correlation was found between each length and the length of other cervical spinal nerves as well as the length of superior and medial trunci ( Table 2) .
When right and left extremity values were examined according to the gender, then the findings and statistical values were submitted as to p<0.05 and p<0.01 (Table 3 ).
In addition to the gross anatomical investigation, we 
Discussion
This study was planned especially with the assumption that it would make substantial contribution to the experimental investigators on the brachial plexus of rats.
The information on morphometric and morphologic features of the brachial plexus will play the most remarkable role.
The brachial plexus in rat was reported in many studies to be formed by the contribution of ventral primary branches of C5, C6, C7, C8 and Th1 spinal nerves with some fibers from C4 in 60-65% of cases but never received any fibers from Th2. 1, 2, 9, 14 On the other hand, the brachial plexus in humans was reported to be formed by the fibers of ventral branches of C5-C8 and Th1 spinal nerves similar to that of rats.
Contribution of fibers from C4 in humans was seen in 65%, Th2 in 30% of cases, however co-existence of fibers from both segments was reported in 5-8% of sub- Table 2 The correlation values between measurements of plexus brachialis in rat The average width of roots contributing to the plexus was stated as 0.5-1.2 mm and of trunci was reported as 1.1-1.3 mm in some studies. 1, 3, 9 However, the average width of roots contributing to the plexus was found as 0.7-1.1 mm, average length till merging to the plexus was 2.2-4.06 mm, average width of trunci was 1.1-1.6 mm and average length was 1.9-4.5 mm in our study.
The width values of the roots and truncus levels were parallel with the previous studies, however we were not able to discuss our findings on the length of spinal nerves till merging to the plexus since there was no data on this topic.
In many studies performed, it was stated that C5, C6
united and formed truncus superior, C7 solely formed truncus medius and C8, Th1 united to form truncus inferior both in humans and rats. However, there may be some variations in the formation of these trunci. It was observed that the brachial plexuses in rats and humans were similar from the aspects of formation of roots and trunci as well as the ventral-dorsal branching patterns of the trunci. 1, 5, 7, 9 We mainly observed in the rats in our study that C5, C6 united and formed truncus superior, C7 formed truncus medius alone and C8, Th1 united to form truncus inferior. However, in some cases it was encountered that C7 and C8 formed truncus medius, or C7, C8 and Th1 united and formed truncus inferomedialis instead of separate medial and inferior trunci (Figures 1-3) . These findings were parallel with the results of other previous studies performed on the brachial plexus of both humans and rats.
A number of new measurements were done in our study which were not performed in the previous studies (Tables 1-3 In the literature search, no similar study could be found dealing with the morphometric measurements of the upper (anterior) extremity and brachial plexus of rats.
Therefore, comparison or discussion on the morphometric measurements of the spinal nerves forming the brachial plexus of rats could not be done. Hence, we think that our study can be a reference guide to the later studies from that aspect.
It was thought that the formation, position, and distribution variations in the brachial plexus encountered generally among the species were associated with muscle and nerve relation in providing muscle-motion coordination convenient to the goal, especially muscle-nerve distribution in the motor innervation of the muscles directed to the shoulder, chest and flexion movement, and likely changes in this distribution. Starting from this point, it was stated that the most developed and functionally complicated brachial plexus model in providing muscle-motion coordination convenient to the goal was in man. [5] [6] [7] Hence, regional anesthesia was reported to be more superior to general anesthesia and provide good analgesia in special surgical interventions on the upper extremity.
Therefore, the better the anatomy of this region is known, the more confidently and effectively the regional anesthesia will be performed. Various studies are being conducted on rat models in order the microsurgical techniques performed in brachial plexus lesions to be more successful and to develop novel techniques. Formation of the brachial plexus and distribution of its peripheral branches in rat and human were reported to be more similar compared to many other experimental animals. 1, 3, 5, 9 The similarity in organization of the brachial plexuses in rat and human makes it possible to prefer the rats especially in experimental surgery and microsurgery studies. Therefore, this kind of morphologic and morphometric studies on rats are intensely required. Our study may contribute to the substantiation of demand on this area.
There is a widespread assumption that the number of The average number of axons per mm 2 was counted as between 4000-4500 in the transversal sections of spinal nerves at the level of roots in our study. Number of axons was less in the nerves with greater axonal diameter and number of axons was more in nerves with smaller axonal diameter in our observations. Unfortunately we were not able to access any study on the axonal count in the spinal nerves at the root level of rats. We believe that our results may be beneficial and important for the investigators especially dealing with the repair of peripheral nerves and experimental surgery.
Comparative knowledge on the morphometric features of brachial plexus in rat and human can help the investigators to achieve more successful results in experimental surgery.
